A gram negative bacterium isolated from soil was found to produce a high level of endo-fi-Nacetylglucosaminidase in the culture medium. The organism was identified as a Flavobacterium sp. from various bacteriological characteristics.
sively investigated as to their enzymatic action spectra on various glycopeptides, and they seem to have different strict specificities as to the oligomannosyl structures of their substrates.13~18) Although they have proven useful, it is difficult to obtain the pure enzymes in sufficient amounts. Because they are anaerobic pathogenic bacteria, the use of D. pneumonia and Cl. perfringens is difficult, and the yields of endo-/?-7V-acetylglucosaminidases with them are very poor. Purification of the enzyme from the culture filtrate of S. plicatus is rather complicated. Thus, we searched for a better source of endo-^-N-acetylglucosaminidase and found that a bacterial strain isolated from a soil sample produced a very high level of endo-/?-Abbreviations:
GlcNAc, JV-acetylglucosamine; Asn, asparagine; DNS, dansyl (5-dimethylaminonaphthalene-lsulfonyl).
TV-acetylglucosaminidase
in the culture medium. Moreover, we purified the enzyme by a comparatively simple procedure.
In this paper, we describe the identification of a bacterium that produces endo-/?-7V-acetylglucosaminidase, and the purification and properties of the endo-/?-7V-acetylglucosaminidase.
MATERIALS AND METHODS

Microorganism and cultivation.
A bacterium, strain No. 1022, which was isolated from soil in Kyoto city was used throughout this study. The bacterium was identified as a strain of the genus Flavobacterium as described under Results. The maintenance medium contained 0.5% glucose, 0.5% peptone, 1.0% yeast extract, 0.5% NaCl and 2%agar. The pH was adjusted to pH 7.0. This medium was also used for liquid cultures. The bacterium was transferred from a slant culture to 5ml of the mediumin a test tube, and the seed culture was performed at 28°C for 28 hr with shaking. Each culture was then transferred to a 2-liter shake flask containing 500ml of the medium, and cultivation was carried out at 28°Con a reciprocal shaker.
Preparation of substrates. Dansyl asparagine oligosaccharides (DNS-glycopeptides) as substrates for the enzyme assay were prepared as follows: the purification of ovalbumin from egg whites was performed on a CM-cellulose column according to the method of Rhodes et al. 19) Ovalbumin glycopeptide was prepared by pronase digestion of purified ovalbumin followed by separation on Sephadex G-25 gel by the procedure of Huang et al.20) Dansyl derivatives of ovalbumin glycopeptides were prepared according to the method of Gray,21) followed by paper chromatography to separate dansylsulfonic acid and dansyl asparagine oligosaccharides.
The dansyl asparagine oligosaccharides which were eluted with water contained every heterogeneous carbohydrate chain in ovalbumin (there are five different carbohydrates of ovalbumin, which comprise various proportions of D-mannose and GlcNAc22)), which was determined by reverse-phase high-performance liquid chromatography (HPLC) by Dr. 26 ) with crystalline egg albumin as the standard. The protein elution patterns on column chromatography were determined on the basis of the absorption at 280nm. The percent extinction coefficient of the purified endo-^-TV-acetylglucosaminidase, E\ °/°m at 280nm, was 15.5. Neutral sugars were assayed by the phenol-H2SO4 reaction.27) Ultracentrifugal analysis was performed with a Spinco model E ultracentrifuge at 60,000rpm at 20°C. The sedimentation coefficient was obtained with the enzyme concentrations of0.58, 0.39 and 0.30%.
Polyacrylamide gel electrophoresis. Polyacrylamide disc gel electrophoresis was performed by the method of Davis28) using 7.5% polyacrylamide gel with Tris-glycine buffer, pH 8.3. Electrophoresis was carried out at a constant current of 2mA per column. Sodium dodecyl sulfate (SDS) polyacrylamide slab gel electrophoresis was performed in 12.5% acrylamide and 0.1% SDS with a discontinuous Tris-glycine buffer system according to the method of Laemmli.29) The molecular weights of proteins were determined after calibration with the following standards: a-lactoalbumin (MW, 14,400), soybean trypsin inhibitor (MW, 20,100), carbonic anhydrase (MW, 30,000), ovalbumin (MW, 43,000), bovine serum albumin (MW, 67,000) and phosphorylase b (MW, 94,000). Protein and carbohydrate were stained with Coomassie Brilliant Blue R and by the fuchsin-periodate method,30) respectively. The results are shown in Table I . From these results and with reference to "Bergey's Manual of Determinative Bacteriology, 8th Edition,"37) the strain was identified as a strain of Flavobacterium. A scanning electron micrograph of the strain is shown in Fig. 1 .
Production of endo-p-N-acetylglucosaminidase
The enzyme production in the supernatant at different stages of growth was investigated.
As shown in Fig. 2 , the cell growth reached the maximumlevel in one day, whereas the enzyme activity was first detected after 2 dayscultivation and was highest after 4~5 days whenautolysis began to take place.
Purifica tion of endo-fi-N~acetylglucosarn inida$e All procedures were carried out at 0~5°C. Potassium phosphate buffer (pH 7.0) was used throughout the purification.
Crude enzyme in culture fluid. After 4 days' (B) SDS-polyacrylamide slab gel electrophoresis.
The purified enzyme was subjected to SDS-polyacrylamide slab gel electrophoresis with 10% acrylamide. The protein standards used were: (1) a-lactoalbumin (MW, 14,400), (2) soybean trypsin inhibitor (MW, 20,100) (3) carbonic anhydrase (MW, 30,000), (4) ovalbumin (MW, 43,000),
bovine serum albumin (MW, 67,000) and (6) The molar contents were calculated on the basis of a molecular weight of 30,000.
single and symmetric peak in the sedimentation pattern on analytical ultracentrifugation. The ultracentrifugation revealed that the purified enzymehad a sedimentation coefficient of 2.3 S.
Molecular weight and isoelectric point
The molecular weight of the enzyme was estimated to -be 27,000 by gel filtration.
SDSpolyacrylamide gel electrophoresis gave a single protein band corresponding to a molecular weight of 30,000 (Fig. 4) . These results indicate that the enzyme has a monomeric structure.
The isoelectric point of the enzyme was found to be 4.5 on chromatofocusing. Fraction number (1ml/tube) Fig. 6 . Sephadex G-100 Chromatography of the Products Formed from Native Ovalbumin by the Enzyme. 
Amino acid composition
The amino acid composition of the enzyme is shown in Table III . It seemed that the enzymehad relatively low contents of arginine and cysteine.
Effects of pH and temperature on the activity and stability
The optimum pH of the enzyme was found to be 5.0 to 6.0 (Fig. 5a ). The enzyme was stable in the pH range of 5~7 when kept at 4°C for 2 days (Fig. 5b) . The enzyme showed the highest activity at 50°C under the standard assay conditions. Its thermal stability was examined by heating it at various temperatures for lOmin. The enzymewas found to be stable up to 45°C. It is noteworthy that the enzyme still showed about 35% of the original activity after incubation at 80°C for lOmin.
Effects of various compounds
The effects of metal ions and SH-reagents on the enzyme activity were examined by incubating the enzyme with the compoundsat 37°C and then directly assaying the activity. The activity of the enzyme was not significantly affected by the following compounds at 1 mM: The effect of various sugars on the enzyme activity were also investigated. The following sugars had little or no effect on the enzyme activity: 10mM glucose, galactose, glucosamine, galactosamine, TV-acetylglucosamine, TV-acetylgalactosamine, diacetylchitobiose and triacetylchitotriose.
The enzyme was not inhibited by 50mMmannose or 15mg/ml of yeast mannan.
Effect of substrate concentration
The effect of the substrate concentration on the initial velocity of the enzyme reaction was examined at 37°C using DNS-glycopeptides.
The apparent Michaelis constant {Km) was 0.40mM. For DNS-GP-IV, DNS-Asn-(GlcNAc)2(Man)6, which is one of the dansylated compounds of the ovalbumin glycopeptides, the Kmwas 0.30mM. The products (about 7 mg) formed from native ovalbumin by the enzyme were applied to a Concanavalin ASepharose 4B column equilibrated with lOmMpotassium phosphate buffer (pH 7.0) and eluted with the same buffer.
An arrow indicates changing of the effluent to 0.25m methyl a-mannoside in the same buffer.
units of the enzyme in lOOniMacetate buffer, pH 5.0, in a total volume of 1.0ml at 37°C.
After 48 hr the reaction was terminated by the addition of HgCl2, and the digest was chromatographed on a column of Sephadex G-100 (0.8x 114cm) with lOniM potassium phosphate buffer, pH 7.0, in order to separate the protein and the oligosaccharide products from ovalbumin (Fig. 6 ). Prior to treatment with the enzyme, the carbohydrate and protein peaks coincided. After the treatment, however, a new separate peak of carbohydrate was found behind the peak corresponding to undigested ovalbumin. The digest was also applied to a Concanavalin A-Sepharose 4B column (0.8 x 20cm), which was eluted with 0.01 m potassium phosphate buffer (pH 7.0) followed by with the same buffer containing 0.25m methyl a-mannoside. As shown in Fig. 7 we found a bacterial strain that produced the highest level of endo-/?-7V-acetylglucosaminidase among many microorganisms isolated from soils. The strain was identified as a Flavobacterium sp., and seemed to be a different species from F. meningosepticum which produces the Endo-F enzyme,6) with respect to some microbiological properties. For example, the new Flavobacterium sp. produces a bright yellow pigment but not indole. On the other hand, F. meningosepticum is frequently nonpigmented and, when a yellow pigment is encountered, the degree of pigmentation is very slight, and the strain produces indole. Moreover, the endo-/?-7V-acetylglucosaminidase activity of the newly isolated Flavobacterium sp. is more than 300-fold higher than that of F. meningosepticum (data not shown). This organism is aerobic and thus easier to maintain and culture than D. pneumoniae and Cl. perfringens, which produce the Endo-D and Endo-C,, Cu enzymes, respectively. This Flavobacterium sp. endo-/?-7V-acetylglucosaminidase was purified to homogeneity by a comparatively simple procedure with a high recovery of the total activity in comparison with the Endo-H enzyme of S. plicatus,2) although the two enzymes have some similar properties such as molecular weight, optimum pH and stability. Actually, there were no exoglycosidase or protease activities in the culture fluid of the new Flavobac-terium sp., and this seems to be advantageous for purification of the enzyme. Moreover, the specific activity of the enzyme in the culture fluid was the highest reported previously for any microorganism, when the GP-IV oligosaccharide, (Man)6(GlcNAc)2-Asn, of ovalbumin was used as the substrate for the assay.
Although its strict substrate specificity is still obscure, the endo-jS-iV-acetylglucosaminidase of the newFlavobacterium sp. seems to act on both high-mannose and hybrid types of oligosaccharides of ovalbumin glycopeptides according to the results of HPLCanalysis using DNS-ovalbumin glycopeptides (data not shown). Furthermore, the enzyme could release oligosaccharides from native ovalbumin, bovine pancreatic ribonuclease B and an invertase from yeast. Though the Endo-H enzyme cannot hydrolyze native ovalbumin,13) the new Flavobacterium sp. enzyme could act on it and release sugar chains, which was shown by column chromatographies on Sephadex G-100 gel and Con A-Sepharose 4B. This paper is the first report of an endo-/?-iVacetylglucosaminidase that releases sugar chains from native ovalbumin.
The enzymewas not affected by any SHreagent other than HgCl2. This seems to be due to the presence of only 2 cysteine residues in the enzyme molecule. The enzyme was also not inhibited by the presence of mannose or yeast mannan, which is different from in the cases of the Endo-D and Endo-H enzymes,38) and this is beneficial for its use as an analytical tool. 
